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ABSTRACT: We consider the influence of a local, or effective, composition on dynamics
in the miscible polymer blend PEO/PMMA. Quasielastic neutron scattering in combi-
nation with deuterium labeling is employed to determine characteristic relaxation
times of the PEO component over spatial scales from 3 to 10 Å. Information about the
distribution of relaxation times is obtained indirectly from the stretching parameters
in a stretched exponential fit. We examine the behavior of these parameters with spat-
ial scale and temperature, finding that their variation supports a distribution of PEO
mobility in the blend which is far wider than pure PEO and narrows with decreasing
temperature for small spatial scales. This is linked to the concept of local compositions
defined over varying spatial scales, and indicates that the concept of a local composi-
tion, linked to PEO dynamics, is important in this system. VVC 2005 Wiley Periodicals, Inc. J
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Keywords: neutron scattering; polymer blends; dynamics

INTRODUCTION

Shifts in component dynamics in miscible poly-
mer blends arise from an effective local composi-
tion, /eff, which differs from the bulk. One pro-
posal for the origin of this local composition is
chain connectivity,1 in which /eff is enhanced in
one component on a length scale comparable to
the Kuhn length. This approach can explain
many observations common to miscible blends:
these include the broadening of calorimetric Tg,
shifts from pure component dynamic properties
that are smaller for the low Tg component, and
failure of time-temperature superposition. The

chain connectivity picture has recently been
tested on a large number of miscible blends
where data is available,2 and in many cases is
able to successfully correlate the data.

Another suggested origin3–5 is that fluctua-
tions in concentration lead to a distribution of
local compositions on length scales (cooperative
volumes) similar to the Donth model for the glass
transition. The effect of concentration fluctua-
tions on dynamics should be most prominent
near a phase boundary, leading to a large correla-
tion length n, and when the glass transition
temperatures of the two components are well
separated. In this case, fluctuations in local com-
position occurring over large length scales can
lead to a bimodal distribution of relaxation times
of the low-Tg component. The probability for
mobility of a local region depends on local compo-
sition and the cooperative volume required for
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mobility at that composition. Longer relaxation
times arise from regions of local composition
close to the bulk; these are very probable but
have large cooperative volumes. Shorter relaxa-
tion times result from local compositions rich in
the low-Tg component; this is a smaller probabil-
ity event but one that requires far smaller coop-
erative volumes for mobility. Measurements with
sufficient dynamic range detect both relaxa-
tions––each connected to a local composition de-
fining a local Tg and cooperative volume.

Both of the models described above are based
on a locally defined composition distinct from
that of the bulk. The concentration fluctuation
model also requires a size-dependent distribution
of local compositions. Quasi-elastic neutron scat-
tering (QENS) presents a unique opportunity to
manipulate the spatial scale over which the
measurement is made, and thus observe spatially
resolved dynamics. Because the local composition
is a function of the volume used to define it, vary-
ing spatial scale over the appropriate range can
be expected to probe regions of different local, or
effective, compositions. Incoherent QENS experi-
ments average self motion of protons, which dom-
inate the scattering, over subvolumes with spa-
tial scales that can be systematically varied from
the order of chemical bonds through the intermo-
lecular packing region (as defined by the first
peak in S(Q)) to the Kuhn length. The spatial
scale is set by the momentum transfer Q, which
is inversely related to distance: Q ¼ 2p/r. At the
higher end of this Q-range, intramolecular bond-
ing strongly biases the effective concentration––
only the closest possible interchain contacts will
contribute. As the spatial scale increases, more
neighboring chains enter the observation window
and local intermolecular packing influences the
effective concentration. At the high end of the
spatial range, the intermolecular pair distribu-
tion function approaches unity, indicating that
local packing variations are no longer important.
This is expected to occur near the Kuhn length b.
At this point, the effective concentration should
approach the bulk value, unless concentration
fluctuations are significant over large spatial
scales (i.e., n > b). Varying spatial scale over this
range is also expected to affect the distribution of
local compositions: a smaller range is expected
where intramolecular bonding dominates the lo-
cal composition than where intermolecular pack-
ing is important.

Average relaxation times extracted from the
spectra depend on the spatial scale, and often

mechanisms of motion can be deduced from this
dependence. For example, in simple continuous
diffusion the relaxation times will have a Q2

dependence. The distribution of relaxation times
present in a given sample also may be character-
ized, although indirectly, as it appears as a
stretching of the spectra in the time domain (i.e.,
the spectra have a different shape), or a failure of
a single Lorentzian to fit the data in the fre-
quency domain. This distribution of relaxation
times may be connected to the distribution of local
compositions: fast moving protons may be sur-
rounded by a local environment rich in the more
mobile component. It is also possible that the two
distributions are unrelated. We propose that this
question may be answered by considering varia-
tions in the shape of the spectra, with spatial
scale.

There are two possibilities, the first being that
a distribution of relaxation times exists in a mis-
cible blend because of heterogeneous dynamics,
as in pure polymers. In this case, each proton
belongs to a dynamic (for example, fast or slow)
region, which is likely to be of a size scale (30–
100 nm) larger than the spatial range addressed
in QENS measurements. Since the mobility of
each proton is set by the dynamic region to which
it belongs, and is thus independent of local com-
position, the distribution of relaxation times
should not be a function of spatial scale, as is
the case for pure polymers. In the second possi-
bility, the distribution of proton mobilities arises
because of a distribution of local compositions,
unique to blends. In this case, changing the spa-
tial scale of the measurement will affect this dis-
tribution, as described above. In particular,
focusing the spatial scale to a size small enough
(that the protons rarely sample the environment
outside their own chain) should narrow the dis-
tribution of relaxation times, and in the limiting
case, the distribution should approach that of
the pure component. As a result, a narrowing
distribution with decreasing spatial scale would
indicate that local compositions influence dy-
namic behavior, as this result is not expected
otherwise.

The chain connectivity model connects dyna-
mics with a particular length scale: the Kuhn
length. In this case, average dynamic proper-
ties, such as the relaxation time, are controlled
by the effective composition defined by b. Our
purpose here is different. We do not address
average relaxation times, but rather their distri-
bution. The concept of a distribution of local
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compositions is not required for the chain con-
nectivity picture, nor is it precluded. On the
other hand, the existence of such a distribution
is an integral part of the concentration fluctua-
tion theory.

We have chosen a system for our measure-
ments that should be an ideal candidate for con-
centration fluctuations: the low Tg component in
a miscible blend with large DTg (poly(ethylene
oxide) PEO in blends with poly(methyl methacry-
late) (PMMA). In addition to the features just
mentioned, PEO/PMMA is one system where
the chain connectivity picture cannot correlate
all available data.2,6 These data at very low
PEO concentrations (3%) show little difference
from those at higher concentrations (up to 30%).
This would indicate that concentration fluc-
tuations are unimportant. Clearly, the control-
ling factors in dynamics of this blend are
currently unknown. If concentration fluctuations
influence PEO dynamics in blends with PMMA,
it is unlikely that QENS could directly capture
the resulting bimodal relaxation, since the spa-
tial range (�2.5–15 Å, depending on spectrome-
ter specifications) is not large enough to probe
cooperative volumes rich in PMMA, and rela-
xation times of such regions would be far longer
than the timescales of QENS instruments
(0.01 ps–10 ns).

EXPERIMENTAL

Blends containing 10, 20, and 30% hydrogenated
PEO and deuterated PMMA were prepared as
described in a previous publication.7 Dynamic
measurements were performed using the disk-
chopper time-of-flight spectrometer8 (DCS) and

the high flux backscattering spectrometer (HFBS)9

at the NIST Center for Neutron Research in
Gaithersburg, MD, USA. The DCS was operated
at an incident wavelength of 4.2 Å and an energy
resolution of 81.6 leV. A dynamic range of 620
leV was used for the HFBS, with an energy reso-
lution of 0.87 leV. Temperatures between T ¼ 308
K and T ¼ 440 K were measured––a range that
includes the blend Tg (348 K) and the Tg of pure
PMMA (391 K). The measured neutron intensities
were corrected using software developed by
NIST10 (DAVE) for detector efficiency (comparison
with a Vanadium standard), for scattering from
the empty annular can and for time independent
background scattering. The raw spectra were
Fourier transformed into the time domain7 where
the instrument resolution was removed.

RESULTS AND DISCUSSION

Intermediate scattering functions of PEO alone
and in blends with PMMA are given in Figure 1.
At first glance, it appears that a bimodal relaxa-
tion is observed: two dynamic regimes are appa-
rent at all compositions. We note that the process
does not decay to zero for the blends, leaving
open the possibility of another relaxation at
longer times. With further examination, pure
PEO also shows two relaxations and thus we
observe only one contribution (if two exist) to the
structural a-relaxation of PEO in the blends.
This initial fast decay has been observed in other
pure polymers (polyisoprene,11 polybutadiene,11

polyisobutylene,12 and several polyolefins13,14),
although it has not previously been investigated
in blends.

Figure 1. Effect of composition on the self intermediate scattering function of PEO in
blends with PMMA at (a) Q ¼ 0.89 Å�1 and (b) Q ¼ 2.51 Å�1. The temperatures of the
measurements are 343 K (100% PEO), 345 K (10 and 30% PEO) and 348 K (20% PEO).
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To characterize the motion resulting in these
spectra, it is useful to employ a fitting procedure
that will return an average relaxation time and a
parameter that characterizes the width of the
distribution of relaxation times. We use the em-
pirical Kolrausch–Williams–Watts (KWW) ex-
pression for this purpose.

IðQ; tÞ ¼ AðQ;TÞexp � t

sðQ;TÞ
� �bðQ;TÞ" #

ð1Þ

It is apparent from the spectra that the relaxa-
tions are very stretched, which presents a prob-
lem when fitting to an empirical function such as
KWW. In particular, the stretching parameter, b,
can be rather difficult to assign when the decay
is small. We address this problem in two ways:
extending the timescale by measuring the 20%
sample on HFBS, which has higher resolution
and thus reaches longer times, at four of the
seven temperatures measured on DCS, and an
error analysis procedure that returns the maxi-
mum and minimum values of parameters (s and
b) providing a reasonable fit to the data (regard-
less of the values of the other parameters) as an
error bar. The error analysis procedure is
described in detail by Garcı́a Sakai.7 In brief, a
large number of data sets are synthesized from
the intermediate scattering function and its asso-
ciated errors. These data sets are fit, and the
resulting parameters catalogued. The data points
we report are the most probable result, while
error bars represent the range of parameters
returned in the fits. Parameter values outside of
the error bars should be regarded as not provid-
ing a reasonable fit, regardless of the values of
the remaining parameters. Note that in some
cases, the decay is not complete enough to pro-
vide reasonable estimation of any parameters; in
our fit procedure, this manifests itself as an
extremely large error bar. Such a case is the slow
decay for the 10% blend at Q ¼ 2.51 Å�1.

We verify that this procedure yields adequate
results by testing the fit parameters obtained
from the DCS data alone against the more com-
plete decay provided by adding the HFBS data,
where it is available. Figure 2 shows the com-
bined data at T ¼ 308 K for six momentum trans-
fers. The lowest temperature is selected because
the smallest decays are found for small Q and
low T, so it represents the most stringent test.
The fits shown in Figure 2 are within the error
bars returned from fitting the DCS data, but are

not always the most probable result. This analy-
sis supports the fit procedure, indicating that its
application where the HFBS data is not available
is reasonable.

In Figure 3, we plot the relaxation times and
error bars obtained from the fitting procedure for
Q ¼ 1.3 Å�1 as a function of inverse temperature.
Also provided are relaxation times for PEO in
the PEO/PMMA blend from recent NMR results.6

It is clear that the slow process is comparable
with the NMR results, both in temperature de-
pendence and magnitude of relaxation times,
while the fast process is considerably faster and
has a weaker temperature dependence. Agree-
ment between QENS and NMR for the 10% blend
is less satisfactory: we return to this point below.

The Influence of Local Compositions

Earlier, we proposed that a connection between
the distribution of relaxation times and the dis-
tribution of local compositions might be revealed
by investigating the shape of the relaxation
curves as a function of spatial scale, the control
of which is a feature unique to neutron measure-
ments. We now discuss this idea, as applied to
PEO motion in the PEO/PMMA blend. We focus
on the slow decay of the 20% blend, with full
analysis of all compositions to follow in a subse-
quent publication. To quantify the ideas pre-
sented in the introduction, we consider the
stretching parameter in a KWW15 fit (b) and the
associated average relaxation time (s). A de-

Figure 2. Combined DCS and HFBS scattering
decay curves for hPEO in dPMMA at 308 K. Seven
spatial scales are shown. Lines represent a KWW fit
with parameters falling within the error bars deter-
mined using the DCS data alone.
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crease in b indicates a larger variety of individ-
ual relaxation times contributing to the average
response, as can be shown mathematically.16

Note that this discards the possibility of a system
of identically relaxing subvolumes, all of which
are stretched in nature.17 We find this possibility
to be small, given that the existence of dynamic
heterogeneity has been observed both experimen-
tally18 and with computer simulations.19

As described earlier, the measured spectra in
a QENS experiment represent an average over
all possible subvolumes of the prescribed size: as
this size is manipulated by varying the momen-
tum transfer, Q, both the average local composi-
tion of PEO segments, /PEO, and the distribution
about this average, P(/PEO), will vary. As a first
approximation, the decay function reaches zero
when the protons leave the subvolume specified
by Q, and since they can leave in any direction,
we regard the corresponding local composition as
defined over a sphere of radius r, where r ¼ 2p/Q.
The largest length associated with this sphere is
then d ¼ 2r ¼ 4p/Q. If the local compositions of
PEO protons are unrelated to dynamic response,
we expect to obtain parameter variations similar
to pure PEO: the average relaxation times will
decrease with decreasing spatial scale, but the
shape of the spectra will not depend on Q. The
latter is a consequence of the fact that a slow or
fast moving PEO proton will contribute equally
at any spatial scale, so the distribution of relaxa-
tion times––and therefore b––will remain the
same. On the other hand, if the relaxation times
of individual protons, si, are linked to their local
compositions, /i,PEO, and both the average value

(/PEO) and distribution (P(/PEO)) of these compo-
sitions changes as a function of spatial scale, the
parameters will vary differently. Specifically,
/PEO will increase and P(/PEO) will narrow with
decreasing spatial scale. The first of these would
result in a decrease in average relaxation times;
this will occur even if local composition and
dynamics are unrelated, but if they are corre-
lated, a change in Q scaling might be expected.
The narrowing of P(/PEO) implies that b will
become larger with decreasing spatial scale.

Before presenting our results for PEO, we note
that for the high Tg component in this blend,
PMMA,7 bblend is similar to bpure at all spatial
scales. Its value is smallest near Tg and increases
with temperature, leveling off at high tempera-
ture. This behavior is consistent with hetero-
geneous dynamics unrelated to /PMMA and
P(/PMMA).

Data for PEO support the local composition
picture: results for bblend and bpure as a function
of spatial scale are shown in Figure 4. The
stretched nature of the decay in the blend data,
clearly and outside of error, decreases as the spa-
tial scale becomes smaller (larger Q). The largest
spatial scales observable in our experiments de-
fine a local composition over �22 Å––these are
small enough that /PEO will be greater than the
bulk composition, and that P(/PEO) should be
fairly wide. At these spatial scales, we find that
the distribution of PEO mobility when blended
with PMMA is much larger than in pure PEO.
The smallest spatial scales observable in our
experiments define a local composition over �5 Å,
which includes both PEO-PEO and PEO-

Figure 3. Relaxation times and associated error bars from QENS for the slow and fast
processes of PEO in blends with PMMA. Also shown are data from NMR.6 Solid symbols:
QENS relaxation times Q ¼ 1.3 Å�1: (l) 10%, (~) 20%, (n) 30%, and (�) 100%. Empty
symbols: NMR segmental relaxation times: (*) 10%, (~) 20%, and (u) 30%.
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PMMA atomic spacings, and is not completely
intramolecular in origin, as S(Q) in this Q range
varies with composition.20 This means that a dis-
tribution of local compositions is still possible,
but should be significantly narrower and closer
to pure PEO than that expected over 22 Å. Here,
bblend % bpure, which indicates that the range of
mobility of PEO protons in the blend is similar to
that in pure PEO. The increase toward bpure
begins after the Q range of the first structure fac-
tor peak in PEO: Q ¼ 1–2 Å�1.21 This is impor-
tant with respect to PMMA, for which we do not
observe a distribution of relaxation times broader
than the pure component or a narrowing with
decreasing spatial scale. The PMMA-labeled
blend (hPMMA/dPEO) was measured on HFBS
because of the slower motion of PMMA. Since
this spectrometer has a maximum momentum
transfer of Q ¼ 1.7 Å�1, considerably smaller

than that of DCS, one could ask if the narrowing
occurs, but we are unable to observe it. Since
PMMA has a bulky side group, the intermolecu-
lar peak in S(Q) is displaced to smaller q; in this
case the peak is centered near 0.9 Å�1 and ends
near 1.2 Å�1.22 Thus in both cases, the range of
our observations extends �0.5 Å�1 beyond the
intermolecular peak.

The temperature dependence of the stretching
parameter is presented in Figure 5 for the larg-
est and smallest spatial scales measured. At the
smaller spatial scale (Q ¼ 2.30 Å�1), bblend is
small at high temperatures, but increases rap-
idly below the Tg of PMMA, indicated in the fig-
ure by a dotted line. This unusual result suggests
that the distribution of individual relaxation
times narrows with decreasing temperature, in
contrast to the usual observation that heteroge-
neity increases at lower temperatures. The rea-
son for this is most likely that the PMMA rich
side of P(/PEO) becomes slower than the resolu-
tion of the spectrometer below the Tg of PMMA.
These protons could contribute an elastic frac-
tion, but would not influence the decay curves.
This suggestion is supported by the temperature
dependence of the average relaxation times, pre-
sented in Figure 6. The relaxation times for the
largest spatial scale measured present an Arrhe-
nius temperature dependence over the QENS
time window, as expected and observed previ-
ously for this system.6 At small spatial scales
and low temperatures, the relaxation times
become independent of temperature, another
unusual result, but one which is consistent with
an increasing loss of contribution from the
PMMA rich side of P(/PEO).

Figure 5. Effect of blending on the temperature dependence of the stretching expo-
nent b. Results are shown at three spatial scales. (^) 20% PEO blend, (^) pure PEO.
The dotted line shows the Tg of PMMA.

Figure 4. Spatial dependence of the stretching expo-
nent b for (^) 20% PEO blend at T ¼ 348 K and (^)
pure PEO at T ¼ 343 K.

MISCIBLE BLEND DYNAMICS AND THE LENGTH SCALE OF LOCAL COMPOSITIONS 2919



At the larger spatial scale (Q ¼ 0.69 Å�1),
bblend is temperature independent as well as
being smaller than bpure. With a distribution of
relaxation times resulting from dynamic hetero-
geneity (fast and slow moving regions of the sam-
ple unconnected to local compositions), b will
decrease as temperature is lowered. If instead
the distribution of relaxation times is connected
with a range of local compositions, it should only
vary if this distribution is temperature dependent.

We first explore possible reasons for a narrow-
ing of relaxation times at small spatial scales,
other than that provided above. It is possible that
the dynamics of PEO are less coupled to the
dynamics of the surrounding environment because
of lack of side groups, as suggested recently.2 In
this case, we expect the distribution to narrow as
the spatial scale is restricted because PEO is
able to move unhindered if it does not encounter
many surrounding PMMA segments. This effect,
although plausible, would be expected to persist at
high temperatures, in contrast to the current data.
A narrowing of the relaxation time distribution
could also result if all motion diffusive in nature is
too slow for the instrument and a rotation, which
for a glass would be a distribution of Lorentzians,23

emerges. However, the spatial dependence of relax-
ation times retains a diffusive character (power
law in Q) at low temperatures for both PEO and
the blends, as indicated in Figure 7, whereas rota-
tional motion will either have relaxation times
independent of Q (two or three site jump models)
or exhibit a distinct peak (four or more site jump
models).24 Rotational motion is also an activated

process, but relaxation times as the process nar-
rows (large Q and low T) are temperature inde-
pendent. Finally, it is not clear what rotation
would be observed in PEO, as it does not have side
groups that could provide a clear rotation. Also
shown in Figure 7 is the Q dependence of re-
laxation times at high temperature, from which
it is clear that at small spatial scales a second
power law is observed with relaxation times that
decrease with Q more rapidly than the first. As
mentioned above, this could occur if the effective
concentration, /PEO, becomes richer in PEO as Q
increases.

A relaxation in addition to the a and b pro-
cesses, with a stretching parameter that ap-
proaches unity with decreasing temperature has
been observed in pure PEO using dielectric spec-
troscopy.25 Jin et al.25 assign this process to a
segmental motion and interpret it as occurring at
the interface of crystalline and amorphous re-
gions. It is also activated, with an activation
energy of �21 kJ/mol. This process has also been
observed when PEO is blended with PMMA,
although the stretching parameter is not avail-
able.26 In this case, it is ascribed to regions of
PEO partial order that increase with aging. The
timescale of the process, both in blends and in
pure PEO is too slow for QENS, where one
expects to observe only the region where all three
processes are merged. It is possible that this
process could be isolated at the appropriate spa-
tial scale, but again this should persist at all
temperatures, and the neutron data are not con-
sistent with an activated process.

Figure 7. Spatial dependence of the characteristic
relaxation times of PEO in a 20% blend with PMMA,
(^) at T ¼ 324 K and (l) at T ¼ 440 K, and for pure
PEO at (^) T ¼ 343 K.

Figure 6. Temperature and spatial dependence of
the average relaxation time s of PEO in a 20% blend
with PMMA: (^) Q ¼ 0.69Å�1 and (u) Q ¼ 2.30Å�1.
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As mentioned earlier, the broadening effect of
local compositions begins to diminish at small
spatial scales when the temperature is less than
the Tg of PMMA. It is not immediately obvious
why relaxation times do not also narrow at low
temperature for the larger spatial scales. If the
reason for the narrowing is that individual local
compositions rich in PMMA become slower than
the resolution of the spectrometer, this effect
should also be observed at 0.69 Å�1, as there the
distribution will be centered around an /PEO that
is closer to the bulk composition than that at
2.3 Å�1 and should have as many, if not more,
PMMA rich regions. A possible answer to this is
found in the timescale of motion as a function of
spatial scale. The mobility of PEO is strongly Q
dependent, as can be seen in Figure 7. At high Q,
motion can be four orders of magnitude greater
than at large Q. As a result, the local environ-
ment surrounding a PEO proton may vary con-
siderably over the characteristic time of motion
at small Q, such that the response remains
stretched. Over the characteristic times at large
Q, which are far shorter, this is less likely to
occur.

Another possibility is that the range of local
compositions arises from concentration fluctua-
tions. Concentration fluctuations should become
important over volumes greater than the Kuhn
length. For PEO at 353 K, the Kuhn length is
8 Å,27 and the Q that defines a region of this size
(sphere of radius 4 Å)is �1.6 Å�1. This corre-
sponds reasonably well to the spatial region
where the influence of local environments
becomes evident. In the concentration fluctuation
theory, the cooperative volume of a given local
composition controls its mobility. The cooperative
volumes are expected to diverge with tempera-
ture––specifically it is predicted that the coopera-
tive volume of the high Tg component will
diverge below that component’s Tg.

28 Below this
temperature, local compositions defined over a
small volume may occur, but the volume is not
large enough to be mobile, whereas other larger
volumes of the same local composition could be
mobile. Thus a small volume of /i,PEO rich in
PMMAwould only be mobile if it were a part of a
larger volume with the same local composition.
Our data are consistent with this idea––provided
that the cooperative volumes associated with the
PMMA-rich side of the P(/PEO) are greater than
6 Å but less than 22 Å. The cooperative length
scale for each component in several miscible

blends has been extracted from available data
based on the average effective composition.28 For
the low Tg component, such as PEO in the PEO/
PMMA blend, cooperative volumes are insensi-
tive to temperature and composition, and range
from 0.4 to 0.8 times the Kuhn length. It is thus
possible that with decreasing temperature the
spatial scale of the measurement could become
smaller than the cooperative volume. Our results
could also indicate that, as expected, the influ-
ence of concentration fluctuations emerges when
local compositions are defined over length scales
greater than the Kuhn length.

It is clear from the data presented here that
the distribution of local compositions surround-
ing PEO protons influences their mobility. The Q
dependence of the stretching parameter (Fig. 4)
is not observed in QENS measurements on pure
polymers (see pure PEO in Fig. 4), nor was it
found for the high Tg component in this blend,
PMMA.7 The effect is also present in the average
relaxation times: in Figure 6 relaxation times at
small spatial scales are smaller than expected,
and in Figure 7, the scaling of relaxation times
with spatial scale becomes greater at small spa-
tial scales. Since local compositions further from
the bulk composition are expected at small spa-
tial scales, these observations are consistent with
a distribution centered around a larger /PEO.

It appears contradictory that the present
results are consistent with the idea of concentra-
tion fluctuations, whereas those of Lutz et al.6

suggest they are relatively unimportant. One
aspect to consider in this regard is that the two
studies actually examine two different blends:
Lutz et al.6 examined dPEO/hPMMA and the
current investigation examines hPEO/dPMMA.
Because the v parameter is small for this blend,
it is likely that this ‘‘swap effect’’29 is important
here. One of these blends could be much closer to
a phase boundary than the other, and thus have
differing levels of concentration fluctuations.
This must also be considered when examining
the results of Garcı́a Sakai et al.,7 also on a
dPEO/hPMMA blend, where it appears the dis-
tribution of local compositions has little effect on
PMMA dynamics. The swap effect in PEO/
PMMA has been studied with SANS30 in the
temperature range of 423–473 K with volume
fractions of PEO from 0.10 to 0.27. The swap
effect is evident, with the system shifted away
from a phase boundary for the dPEO/hPMMA
blend at 423 K. As concentration fluctuations will
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be more pronounced near a phase boundary, this
is consistent with present observations (hPEO/
dPMMA appears more influenced by concentra-
tion fluctuations), and suggests that the QENS
results following PMMA mobility in dPEO/
hPMMA should be taken together with the NMR
results following PEO mobility in the same sys-
tem. Two additional factors suggest a difference
between the two systems: the composition de-
pendence is not the same, and the hPEO/dPMMA
system is more stretched. For the dPEO/hPMMA
system, very little composition dependence of
relaxation times is observed, whereas in the cur-
rent results the 10% blend is significantly differ-
ent from the others (see Fig. 1). The stretching
parameters for the dPEO/hPMMA system are
�0.27, whereas the present results find that at
high temperature, b is typically around 0.18. This
difference is small, but may suggest a wider distri-
bution of local environments in the latter case,
again consistent with a more prominent role of
concentration fluctuations in hPEO/dPMMA.

Finally, we consider the chain connectivity
model. In this case, the relevant length scale is
temperature and composition independent, and
equal to a Kuhn length. As mentioned above, this
model describes the temperature dependence of
the average relaxation time, and a distribution of
times does not enter explicitly into the theory. To
predict s(T), VTF parameters for the pure compo-
nent of interest are required. Since we have
measured pure PEO for only one temperature
just above the melting point, this is not possible.
We used the parameters obtained earlier (Lutz
et al.6) for dPEO to predict s(T) for the blend for
all spatial scales. A reasonable fit can only be
obtained over a narrow spatial range: 1.1 Å�1

< Q < 1.5 Å�1, for the entire range of tempera-
tures measured. At other spatial scales, fits can-
not be obtained with any value of /self. It is nota-
ble that this region covers local compositions that
are defined over spatial scales just above the
Kuhn length for PEO (8–11 Å). Within the chain
connectivity model, a large variety of local
compositions can exist and give rise to extremely
stretched relaxations, as observed here. It is also
possible that those local compositions rich in
PMMA move outside the time window of the
spectrometer as temperature is lowered. This
would result in an averaging that incorporates
progressively more PEO rich regions with de-
creasing temperature, such that the average
relaxation time is faster than expected. The tem-
perature dependence of relaxation times would

thus be flatter than anticipated by the theory,
which would thus not describe the data well at
small spatial scales. Both these suggestions are
supported by our data.

CONCLUSION

We have investigated the impact of a distribution
of local compositions on the dynamics of hPEO in
dPMMA. This distribution is an integral part of
the concentration fluctuation theory of blend dy-
namics. The dynamic response of this blend is
extremely stretched. This establishes the exis-
tence of a wide distribution of relaxation times,
but does not by itself indicate a wide range of
local compositions. To make this connection, we
eliminate local compositions rich in PMMA from
consideration by reducing the spatial scale to val-
ues approaching the closest intermolecular spac-
ing. In this situation, the distribution narrows
considerably––approaching the width of pure
PEO. This means that the extreme dynamic het-
erogeneity in dynamics of hPEO in dPMMA is
linked to the local compositions, rather than orig-
inating from fast and slow regions narrowly dis-
tributed in composition.
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